Lycopene (ψ -carotene, C 40 H 56 ) is a the precursor of all color С 40 -carotenoids, including β-carotene, has purple-pink color. Its molecule has 11 conjugated double bonds, which connect and neutralize free electrons and prevent damage of the cells. According to clinical studies lycopene reduces growth of cancer cells, especially reproductive cells and lycopene therapy improves reproductive function [10] .
ISSN 2076-0558. Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ. 2014 . № 1. С. [6] [7] [8] [9] [10] [11] [12] [13] [14] The high content of lycopene is in tomatoes (0.4-0.9 mg/g dry weight, depending on the sort), as well as in grapefruit, persimmon and watermelon. Except the plants, lycopene is formed fungi and microorganisms. Its industrial producers is Blakeslea trispora (0.8-1.0 g/l), in which there have been blocked enzymes that convert lycopene to beta-carotene by diphenylamine [8] .
Mutants with constitutively form carotenoids lycopene and beta-carotene were obtained in colorless strain S. globisporus 1912 in the Department of Genetics of Microorganisms in 1998, among which the attention was attracted to the variant S. globisporus 1912-4 Lcp [5] . It accumulates only one carotenoid lycopene in an amount of 1.5-2.2 mg/g dry biomass (DBM). In 2010, in order to obtain highly productive and stable mutants -lycopene producers for this strain used a series of mutagenesis. As a result, there were selected a mutant strain of S. globisporus 1912-4 Lcp Hp7, which obtained the ability to accumulate 4.2 mg/g DBM after of treatment inoculum by hydrogen peroxide in amount of 0.5% after 24 h of liquid cultivation [1] . Such accumulation of lycopene was the highest among described in the literature carotenoid biosynthesis streptomycetes, but during three years synthesis of lycopene has decreased to 2.8 mg/g DBM. It can be concluded that in spite of the constitutive character the synthesis of lycopene and presence of stress-factor (Н 2 О 2 ), a producer needs regular amplification of measures of gene expression of carotenogenesis. Therefore, our aim was to determine the cause of decreased synthesis of lycopene in strain S. globisporus 1912-4Lcp Нр7 in liquid medium and to choose the best component structure of medium and cultivation conditions to stabilize the carotenogenesis process.
Materials and methods
For work there were used lycopene producer S. globisporus 1912-4Lcp Нр7. Selection of the culture medium was carried out to using standard culturing for streptomycetes natural flour: corn, oats, soybean meal, they were compatible combinations and products of grain processing: wheat and rye bran. Their main composition is given in Table 1 [4] . Table 1 The composition of the main components of natural substrates (%) For monomediums we brought respectively flour 40 g/L. In medium from soybean we added 10 g/l of starch to balance the carbohydrates with present in it high rate protein. Combined medium consisted of 20 g/l of the substrates. Salts NaCl (5.0 g/l) and CaCO 3 (3.0 g/l) were brought in all medium.
Feature selection of the culture of early and intensive lycopene synthesis was carried out on agar medium, followed by siftings individual colonies on agar surface plates. The most productive superficial mycelium (7-10 day) have been put in the conical Erlenmeyer flask (750 ml) and have been grown for 40-48 h in liquid continuous. Substrate served with corn-soybean liquid culture medium. The inoculum in the amount of 10% has been contributed to the appropriate fermentation medium and cultured on a shaker at 260 rev/min for 72 h 28 °C. The initial value pH was regulated by HCl or NaOH. The studied temperatures were 21, 28 and 37 °C.
The influence of organic salts in concentration of 0,5 % were determined on liquid corn-oatmeal medium. The effect of metals on the biosynthesis of lycopene was observed on agar medium after making in holes 0,1 ml 1% solution of metal salt: Ca(NO 3 ) 2 The biomass accumulation was determined after washed by distilled water of medium, centrifugated at 5000 rev/min for 10 minutes, dried at 60 °С to constant weight and was weighed. Then biomass (10 mg) was ground with quartz sand in a porcelain pounder, lycopene was extracted by acetone and selected solution was centrifuged at 12000 rev/min for 3-5 min. The quantitative content of lycopene (X, g) was defined by the formula [7] :
A -absorption of the sample at 472 nm on a spectrophotometer Beckman DU-8B; n -the amount of pigment solution, ml; E -extinction coefficient of lycopene 3450.
Results and discussion
To begin, it should be noted that the method of obtaining in 2010 the mutant strain S. globisporus 1912-4 Lcp Hp7 was specific. Nearly lethal dose of hydrogen peroxide (2%) was put in liquid corn-soy media for 24 h culturing strain S. globisporus 1912-4 Lcp, was grown one day and was seeded on similar agar medium. The 28 variants with able to early synthesis of lycopene (48 h) were selected from the surface of agar, but only a mutant strain of S. globisporus 1912-4 Lcp Hp7 was stable to this sign. It was observed that after cultivation with the introduction of hydrogen peroxide mycelium had visually intense color than colonies on agar. It was established that accumulation of lycopene was 4.2+0.05 mg/g DBM in making hydrogen peroxide (2%) for 24 h, without making peroxide -2.8+0.05 mg/g DBM. Contributed to the intensification of the lycopene synthesis and unlimited biomass concentration of hydrogen peroxide (0.5%) was picked up. It was thought that peroxide increases of synthesis of the lycopene in producer cells and limits the growth colorless variants.
Through this practice, while lycopene yield was consistently high and did not need to change methods of cultivation. But later we began to observe a gradual decrease in carotenoid synthesis to 2.8 mg/g DBM. It has been suggested that besides intracellular antioxidant components (lycopene) the producer increased the synthesis of extracellular enzymes protection. Its ability to neutralize oxygen free radicals in the medium, reduce their impact on the cells that promoted the normal growth of colorless variants. This hypothesis was suggested but not investigated.
Therefore, based on the property of the strain S. globisporus 1912-4 Lcp Hp7 to accumulate lycopene in an amount of 4.2 mg/g DBM it was decided to begin to define the optimal culture media for this. As a result of cultivation it was determined that the accumulation of biomass has contributed the corn meal, due to its high content of carbohydrate composition ( Table 2 ). The synthesis of lycopene was the highest on media with soy and especially oat. This parameter may indicate the content material stress or carotenoids predecessors in the seeds of these plants. Last comes to mind because of the high lipid content in these natural substrates they are used to enhance carotenogenesis for cultivation of yeast [6] . Unfortunately, the cultivation of producer on cheap substrates -wheat and rye bran were justified hope. Probably, it did not satisfy microorganisms in the required amount of nutrients (Table 1) . After cultivation of producer into liquid medium the suspension of mycelia was selected and put on similar agar medium. So visually the cause of the difference activities in media with corn flour and bran were identified. In the first case, the reason was the formation of uncolor colonies, and in the second -a decrease of the synthesis of the metabolite. The frequency of accumulation of uncolor colonies with using cornmeal was averaged 1x10 -3 , which had a negative effect on the result. On the other hand, it is impossible to refuse from making corn flour, as it contributes to the development of surface mycelium and the accumulation of biomass for inoculum. In addition, surface mycelium on corn media has grown the best and was facilitated for getting the accumulation of cultivated material. Surface mycelium on soy and oat medium developed hardly. So corn-oat medium was used for further studies.
After several cultivation in liquid corn-oat medium it was observed that it eventually lost its effectiveness. It was therefore decided, without changing the media, to explore necessary conditions substances that would help to stabilize carotenoid synthesis in submerged conditions.
The analysis of the growth conditions and lycopene synthesis by S. globisporus 1912-4 Lcp Hp7 were started from determination of the initial pH and temperature of cultivation (Fig. 1a) . It is known that rate of pH 7.0-8.0 contributes to lycopene accumulation, whereas the products of metabolism of streptomycetes are lower pH [6] . It is necessary to note that the medium contained a sufficient amount of the calcium carbonate (CaCO 3 ), which limited the formation of H + ions and prevented shift pH in the acid area. Synthesis of lycopene appeared to be very sensitive to small variations pH. Favorable for the accumulation of carotenoid pigment was neutral initial pH. A slight shift of the neutral reduced productivity of the culture. The fact of low yield of lycopene after culturing mutant at 21 °C is very interesting. It is only 7 °C lower than the standard temperature of streptomycetes cultivation (28 °C) [4] . The maximal synthesis of lycopene has been expected at 37 °C due to the stress effects described in the literature [8] . This fact can be used to restore the activity of the producer in the event of another decrease if it is economically feasible.
It is known that organic acids have a significant impact on carotenoid biosynthesis [3] . Organic acids were used as sodium salts (Table 3) . Ammonium salts in some cases have reduced the synthesis of lycopene in the producer Hp7. It has previously been shown by us [2] . At first we were analyzing the pH after cultivation. Potassiumsodium tartrate 4-aqueous did not contribute to the synthesis of lycopene. Adding of other sodiums have led to mean pH 8.0-9.0 that has been productively. It was detected that salt can be used to enhance the synthesis of biomass. Citrate and succinate sodiums have increased biomass by at least 10%, acetate salt by 5%, but have decreased the synthesis of lycopene. The productive effect on the synthesis of lycopene has got sodium casein, it may indicate the contents of stress substances or precursors of carotenoids. On the other hand, the salt is an expensive substrate, and it can be kept in mind when growing biotech demand producer. 2 MoO 4 have been suitable. The last two are known as oxidants, and they may contribute to the synthesis of lycopene as stress factors.
(NН 4 ) 2 MoO 4 is used as fertilizer for plants [9] . In further studies, it was found necessary concentration of metal salts for the cultivation Hp7: MgSO 4 ½7H 2 O -0.1%; (NH 4 ) 2 MoO 4 -0.05%; KMnO 4 -0.001%. Their combined using has activated synthesis of lycopene and 4.2 mg/g DBM, which was characteristic for obtained producer in 2010. (NH 4 ) 2 MoO 4 , KMnO 4 improve redox potential, that has affect for aeration and the ability to obtain good results at medium volume 100-150 ml, while still working volume did not exceed 60 ml.
Permanganate as a toxic substance was decided to use only for the selection of the producer, and in the case of performance degradation it could be used for stimulation of the synthesis of lycopene.
Thus, available components for the performance of the strain S. globisporus 1912-4 Lcp Hp7 have been analyzed, it should continue to be useful in the case of reducing its activity. At present, selection and obtaining of inoculum producer and cultivation is carried out by using the medium of the following composition 
